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Various pipers have been published recent ly  in which the 
' rad ia t ion  infxraction of a f r e e  electron subject  t o  an intense mono- 

chronatic photon f ie ld  have been discussed (Ref. 1). According t o  

these calculat ions l i g h t  w i l l  be generated at  all harmonics of the 

fundaiental  frequency of the >Firnary rad ia t ion  f i e l d  (harmonic 

generation).  However there  i s  one point which needs c l a r i f i ca t ion .  . 
IC 

Whereas some' authors claim t h a t  t h e  sca t te red  photons exhib i t  an 

in tens  ity-dependent character is  t i c  frequency shift  (Brown, Ydbble 

, and Goldman) 'others claim that they do not (Fried, Eberly and 

van Rcos). 

thcse a u t h m s  who were usiog a semi-classical  approximation i . e . ,  

!The f a c t  +,hat t'ne freqwncy s h i f t  has been f o m d  by 

an approximation i n  which the electron i s  subJected t o  a given 

external electromagnetic wave is  a l l  the  core  surpr is ing since i n  
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such ca lsu la t ion  a react ion of the e lec t ron  back on the incident beem 

is completely excluded and therefore the or ig in  of the frequency s h i f t  

i s  d i f f i c u l t  t o  understand. 

question using again a semi-classical approach. Emever, we w i l l  show 

t h a t  by using w a v e  functions with correct  i n i t i a l  conditions there  

will be no frequency shift, i n  agreement w i t h  Fried, Eberly and  von Roos. 

I n  the folluwing we w i l l  re-examine the 
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ch we: take to be l inear ly  polarized (in Vne x di;-sction) ~ : r i c i  

-+ mc 2 -  
A = e a  e cos ir ( 2 , -  ct) 

X 0 

3 - 
:*ii Ast ion  fie12 (n is the nmber of photons per cm ), we have as 

-2 - t-,ior* of x A i o c - f o r  the electron 

. 



((2 - ct, t) _,_ - - . I .  
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tkt a d q l e d  by former authors. In particular,  

x e l l  as Go;&m (Ee f .  I.) choose a vave function 

(331'. 2).  

c r i b h z  i n i t l z 1  2ocdi t ions.  This i s  the crux of the m t t e r .  34::ilse 

pnysicaily t h e  e lec t romagne t i c  f i e l d  (2 )  is  c r e a t e d  at sore initial 

t i m e  %, s ~ y .  IYat =ems that the  electron w a s  free prior t o  T o r  

iic;c:c-k-er an anss t z  of t h e  type (7) is l n c a p b l e  of Ces- 

(Ref. 3). calculation 3y Vschaspat i  

Intrcaucing,  then, the abbreviation 

u = z - c t  

. 
; ;0) 



a; 
c - = Q  a t t = O  - -  

dt O i l  

oon;-’inoous at t = 0. Zq. (10) i s  solved w i t h  t j e  expression: 

* \ 2  

Tne i n i t i a l  conliicions are sat isf ied if: 

F ‘ ( 0 )  = 0 n 
’ *  
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T k  systern, Eqs. (14) and (i5), cieternines the wave function (6) 

uniquely. 

read i ly  be giveo i n  closed fom. 

in tenc i ty  laser beaim 2 is small conpred t o  one, a perturbation 

expansion i n  cx: i s  quite possible. 

it is easily seen tha t  

m e  soiut ion OZ' zq, ( i & j  is quite  c o q i e x  and Cariris; 

3 d t  since even f o r  very high 

From the s t ruc ture  02 Eq. (14) 
. .  

I 

F n ( t )  = a" { G:(t) + Cy GA(t) +.$G" n' a ( t )  t.. . ) , (16) 

~ r l  oth order obviously: 

(17) ~ 

q t )  = Sno 

~ 

and i n  lSt order: 
. I  

FG(t) = 1 
I 

." 

W i t h  . 

and a i l  other F vanish in t h i s  order. Further calculations along n 

these lines w i l l  be given elsewhere. Rere we w i l l  only show that 
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czct?.cn of m electrm with  the q w i t h e i  tranwerse, eiectrozsLnetic 

fi23-d is giver: by the fizrniltonlan 

c o r a t o r s  and the ?-'a) are u n i t  transverse polarization vectors .  xce x 
/ 
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